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Abstract 
The paper examines the factor intensity and economic remrns of alternate shrimp-crop 
and shrimp-salt farming in the coastal areas of Bangladesh. Data were collected from 30 
shrimp-crop and 30 shrimp-salt farmers, 30 shrimp farmers and 30 rice farmers from 
three selected coastal districts of Bangladesh. Cobb-Douglas production function model 
was used to determine the effect of various factors on alternate shrimp-crop farming. The 
chosen variables were stocking of juveniles, paddy seed, labour, fertilizers, feed and farm 
size of respective type of farming. The results indicated that the production function 
exhibited increasing remrns to scale for alternate shrimp-rice, alternate shrimp-salt and 
year round shrimp farming while it indicated decreasing returns for year round rice 
farming. Economic analysis of same system of farming indicated that higher amount of 
input use produced higher level of yield, gross return and net return for each type of 
production system. 
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Introduction 
Shrimp, among all sub-sectors of fisheries, plays an important role in the economy of 
Bangladesh. From an almost insignificant position in early 1970s, shrimp has emerged 
as the third largest export item of Bangladesh. Shrimp farming offers excellent 
employment opportunities through a series of backward and forward linkage activities. 
It is assumed that the shrimp industry would play an important role in absorbing 
surplus rural labour, particularly in the coastal areas of Bangladesh. The shrimp industry 
consists of four distinct subsectors viz, shrimp farms/ ghers, shrimp hatcheries, feed mills 
and shrimp processing plants (Haque 1994). All these subsectors are linked together to 
constitute vertical integration of activities whose goals are to boost the export of shrimp 
products. Shrimp farms/ ghers are the mainstay of this industry and the activities of the 
other subsectors depend largely on the growth and sustainable development of shrimp 
farms in the country (Talukder 1999). 
Shrimp farming area is steadily expanding. But most of the farmers (>90%) still 
follow the traditional method and per unit production is very low (150-250 kg/ha) which 
M.S. Islam eta/. 
made relative per unit production cost higher compared to other shrimp growing 
countries of the world (Braten 2001). With this level of production Bangladesh is the 
seventh largest exporter of shrimp to the combined Japan and US market (ASCC 1995). 
The shrimp industry is influenced by a range of government policies, institutional 
arrangement including subsidized credit and leasing of government land for shrimp 
farming (Alauddin and Tisdell 1998). Secondly, some socioeconomic and institutional 
aspects related to brakishwater aquaculture also affect the production (Islam and Wahab 
2000). Accordingly, expanding shrimp cultivation is consistent with ecologically 
sustainable development of the coastal areas (MOF and F AO 1992, Rahman et al. 1994, 
Khalekuzzaman 1996). However, to raise per hectare yield it is urgently needed to 
improve the culture and management practices of the shrimp farms of Bangladesh which 
may help device effective national planning for the development of this vital sector. 
Being convinced of its great potential, the government has given due priority to this 
sector and included it in the "Thrust Sector" during the last couple of years. 
Due to difference in water salinities (8-20 ppt and over 20) in the south-west and 
south-east region, the culture practices of shrimp in the two areas are different. In the 
south-east region, shrimp is cultured in rotation with salt, while in south-west region, 
two crops are produced- shrimp and shrimp with rice. However, in all the coastal areas, 
shrimp and to some extent, rice can be produced but salt is produced only in those areas 
where salinity is high. In this regard, the farmers of the coastal areas are practicing four 
types of farming like- alternate shrimp-rice, shrimp-salt, year round shrimp and year 
round rice farming in shrimp growing areas. A few studies (Das 1992, Miah 1993, Uddin 
1998, Miah 2001) were conducted on shrimp farming under extensive, improve extensive 
and semi-intensive method, but these research were based on only economic returns. 
Keeping this in view, the present study was undertaken to analyze the factor intensity 
and economic returns of alternate shrimp-crop farming in Bangladesh. 
Methodology 
The study was carried out for the period June'OO to July'Ol. Three study areas were 
purposively selected from Khulna, Satkhira and Cox's Bazar districts depending upon 
the concentration of shrimp farms. The study areas included Paikgacha of Khulna, 
Shamnagar of Satkhira and Teknaf and Chokaria of Cox's Bazar district. 
From the three districts, in total 120 farmers ( 60 shrimp-crop farmers, 30 shrimp 
farmers and 30 rice farmers) were purposively selected under different management 
systems to analyze resource productivity and to determine the economic returns of 
alternate shrimp-crop farming and year round rice farming in shrimp growmg areas 
(Table 1). 
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Table 1. Sampling design for conducting study on shrimp farming 
Sample respondents 
Shrimp-rice farmers (in rice 
growing areas) 
Shrimp-salt farmers (in salt 
producing areas) 
Shrimp farmers 
Rice farmers 
Total 
Sample 
households 
No. 
30 
30 
30 
30 
120 
Alternative technologies 
Alternate shrimp-rice farming 
Alternate shrimp-salt farming 
Year round shrimp farming 
Year round rice farming in 
shrimp growing areas 
Selected areas 
Paikgacha, Khulna 
Teknaf and Cox's 
Bazar 
Shamnagar, Satkhira 
Paikgacha, Khulna 
As the shrimps are still produced seasonally in traditional methods with and 
alternately with rice and salt production, data were collected both for shrimp and other 
crops, if they were produced in the same farming areas. Data and information on shrimp 
production under different management, cost of using inputs and revenue received from 
disposal of shrimps and other crops were also collected from shrimp farmers. 
Model speci5cation 
The individual effect of crucial inputs used and factors involved in alternate shrimp-
crop farming can be explained to certain degree with the help of production function 
analysis. To explore the effects of variable inputs, both linear and Cobb-Douglas 
production function models were estimated initially. The results of the Cobb-Douglas 
models appeared to be superior on theoretical and econometric grounds. So the Cobb-
Douglas production function model was used. Eleven inputs or explanatory variables 
were hypothesized to explain the alternate shrimp-crop farming in the study areas. Care 
was taken to see that the chosen variables were not multicollinear. 
Cobb-Douglas production function analysis was done taking four different systems 
of farming into account separately. The function was specified as: 
Y _ aX br X b2 X b3 X b4 X bsX b6 X b7X b8 X b9 X bro X blreu 
- li 2i 3i 4i Si 6i 7i Si 9i IOi Iii 
The function was linearised by transforming it into the following double log or log 
linear form: 
logY = loga + b1log X1i + b2log X2i + b3log X3i + b4log X4i + b5 logX5i+b6log X6i + 
b7log X7i+ b8log X8i + b9log X9i +b10log X 10i + bulog Xlli + Ui 
Where, 
Y =Gross income of respective alternate shrimp-crop farming (Tk/ha); X1 =Number of seed 
stocked per hectare; X2 =Number of harvesting followed by stocking per year; X3=Feed cost 
(Tk/ha); X4 = Urea (Tk/ha); X5=TSP (Tk/ha); X6=Human labour (Tk/ha); X7 =Animal 
labour(Tk/ha); X8=Farm size (ha); X9 =Seed cost (Tk/ha); X10 =Manure (Tk/ha); 
X11 =Pesticides (Tk/ha); a=Constant or intercept; b1- - - - - b11 =Coefficient of the relevant 
variables; U;=Disturbance term; i= 1, 2, 3----- n. 
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Some inputs/variables like land quality, soil condition, management factor etc., 
which might have affected production of farm enterprises were excluded from the model 
due to non-availability of appropriate data for the model. 
Explanatozy variables included in the model 
Stocking shrimp seed may be considered as first and prime input. Numbers of 
fingerling stocked depend on its size and farm condition because a shrimp farm can 
support a certain quantity of shrimp in its limited space and natural food. The number 
of fingerling stocked and harvesting of shrimp followed by stocking varied among the 
farm categories. As a result, the yield of shrimp also varied among the farm categories. 
Use of urea and TSP is very important to increase shrimp production. Therefore, 
there are reasons to hypothesize that these two elements of material costs will have 
significant effect on alternate shrimp-crop farm output. On the other hand, urea and 
TSP were used in rice production to have higher amount of yield and income. 
Application of artificial feed is one of the principal methods to increase shrimp 
production. It varies according to the intensity of cultivation. Again, intensity of feeding 
depends on its economic use, which is related to scale of production and input-output 
pnces. 
Animal labour was used for preparing land for rice production. But human labour 
was the most important and largely used input for producing aU types of enterprises. 
The intensity of using labour depends upon how carefully and what operations the 
farmers have done. Both family and hired labour were used in different phases of 
production. 
A suitable farm size is required to minimize the cost and maximize the production 
of farm enterprises. Therefore, an optimum size of farm is required to obtain higher level 
of output. Farm size may vary in different locations on the basis of physical and 
socioeconomic environment. 
Seed is related with the alternate shrimp-rice and year round rice farming. It was 
included as one of the explanatory variables to explain the productivity of farm. 
Optimum amount of seed should be used to increase the yield. 
Manure and pesticides are used for the production of rice. Manure increases the soil 
fertility and pesticides are used to protect crops from pests and diseases. However, 
application of these two inputs will have positive impact on rice production. 
It is hypothesized that, using all the inputs discussed above, will have effect on 
production and income of farm enterprises produced in respective farming system. 
Results and discussion 
The estimated values of the coefficients and related statistics of Cobb-Douglas 
production function for the selected sample farmers producing shrimp and other crops 
are presented in Table 2. The coefficient of multiple determination, R2 for different 
alternate farming varied from 0.885 to 0.933 which indicated that 88 to 93 percent of the 
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total variation of output of respective farming system was explained by independent 
variables included in the model. 
The relative contribution of specified factors affecting productivity of alternate 
shrimp-crop farming can be seen from the estimates of regression equation for four 
different systems of farming. In total, there were 26 input coefficients for the production 
of selected farming system and of these only 7 coefficients had improper (negative) sign 
and the remaining coefficients showed positive effect on farm output. Except farm size 
and number of fingerlings stocked in alternate shrimp-salt farming, feed cost and human 
labour in alternate shrimp-rice farming, number of harvesting and using pesticides in 
year round shrimp and rice farming, all other input coefficients were statistically 
significant at different level (0.01 to 0.10) 
The coefficients of number of fingerling stocked were significant at 1 percent and 10 
percent levels for alternate shrimp-rice and year round shrimp farming respectively. In 
the case of year round shrimp farming, coefficient of fingerling stocked was highest 
(0.757), which indicated that if number of fingerling was increased by 1 percent, keeping 
other factors constant, gross income from year round shrimp farming would increase by 
0.76 percent. The coefficients of urea were positive and significant at 10 percent level 
both for alternate shrimp-rice and shrimp-salt farming, and at 5 percent level for year 
round shrimp farming. It revealed that each one percent increase in the cost of urea 
would increase gross income pattern of farming by 0.41, 2.09 and 0.30 percent. Among 
all the inputs, farm size had greater influence on income from year round rice farming 
and it contributed 3.75 percent to gross income for each 1 percent increase in land area. 
Table 2. Estimated values of coefficients and related statistics of Cobb-Douglas production 
function model for different types of farming 
Coefficients of alternate farming 
Explanatory variables Alternate shrimp- Alternate shrimp-salt Year round Year round 
rice farming farming shrimp farming rice farming 
Intercept 7.154 5.721 2.253 14.905 
No. of fingerling 0.2114* 1.421 0.757*** 
Stocked (X1) (0.078) (1.099) (0.362) 
No. of harvesting (X2) 1.123** -2.557*** -0.160 (0.512) (1.181) (0.189) 
Feed cost (X3) 0.219 0.061 (0.198) (0.052) 
Urea (X4) 0.408*** 2.095*** 0.305** -0.524* (0.190) (0.810) (0.077) (0.053) 
TSP (X5) 0.393** -0.167** (0.151) (0.965) 
Human labour (X6) -0.0182 -0.483** 0.334*** -0.650* (0.152) (0.161) (0.155} (0.063) 
Animal labour (X7) -4.898* (0.683) 
Farm size (X8) 0.865* 0.280 0.642** 3.750* (0.132) (0.134) (0.152) (0.586) 
Paddy seed cost (X9) -0.668* 0.427*** 
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(0.175) (0.182) 
Manure (X10) 2.593* (0.289) 
Pesticides (X11 ) 0.106 (0.081) 
Rz 0.889 0.885 0.886 0.933 
Return to scale 2.140 1.149 1.772 0.811 
F-value 37.411 26.440 192.808 65.022 
Note: *Significant at 1 percent level of confidence. **Significant at 5 percent level of confidence. 
***Significant at 10 percent level of confidence. Figures within parentheses indicate standard error. 
The sum of all the production coefficients of alternate shrimp-rice, alternate shrimp-
salt and year round shrimp farming (L.bJ were equal to 2.140, 1.149 and 1. 772 
respectively which were greater than one. This means that the function exhibited 
increasing return to scale; that is, if all the inputs specified in the respective function 
were increased by 1 percent, farm income would increase by 2.140, 1.149 and 1.772 
percent respectively for alternate shrimp-rice, shrimp-salt and year round shri~p 
farming. The summation of all the production coefficients of sampled rice farming (L.bi) 
was equal to 0.811. This means that production function for rice farming exhibited 
diminishing return to scale (Table 2). However, returns to scale indicated that even with 
the present technology, there were enough scopes to increase the production and income 
of farm enterprises under alternate shrimp-crop and/or year round shrimp farming but 
in case of rice production in the shrimp growing areas, farm income could be increased if 
more improved technologies were introduced. 
Interrelationship between input use and yield and economic retums 
In addition to regression analysis, tabular technique was used to show how yield 
varied with the application of supplementary inputs to different types of farming. It can 
be seen from Table 3 that per hectare gross income was the highest for alternate shrimp-
salt farming (Tk. 247,165) followed by year round shrimp farming (Tk. 125,005), and 
alternate shrimp-rice farming (Tk. 107,235). From rice farming it was only Tk. 44,760. It 
may be noted here that in alternate shrimp-salt farming, shrimp production contributed 
about 46 percent of gross income while in the case of alternate shrimp-rice farming, 
income from shrimp production contributed about 90 percent of respective gross 
income. However, as a supplementary crop, income from salt shared the major portion in 
alternate shrimp-salt farming. 
Per hectare total cost, gross income and net return of shrimp and other crop 
production under different management systems are also presented in Table 3 and 
Appendix Tables 1-4. To arrive at net return from different types of farming, total cost 
were deducted from gross income. 
Per hectare yield of shrimp in alternate shrimp-rice farming was 207 kg, while in 
alternate shrimp-salt farming it was 245 kg. In year round shrimp farming it was 275 kg. 
With the 2 times rice production in shrimp farming areas per hectare total yield of rice 
was 6180 kg. It may be noted here that per unit price of shrimp (Tk/kg) varies depending 
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on the transportation and marketing system and size of individual grades of shrimp and 
other enterprises. 
Table 3. Comparative statement of costs and returns of alternate shrimp-crop and rice farming 
under different management systems 
T aka/ha/year 
Farm cate~ories 
Costs and returns Alternate Alternate Year round Year round rice 
shrimp-rice shrimp-salt 
shrimp farming farming farming farming 
Gross income: 
i. Shrimp + Fin fish 96775(90) 114925(46) 125005 
ii. Rice 10460(10) 44760 
iii. Salt 132240(54) 
A. Total gross income (TGI) 107235 247165 125005 44760 
Total cost 
i. Shrimp 39719 69091 47779 
ii. Rice 5216 15062 
iii. Salt 23026 
Total cost (TC) 44935 92117 47779 15062 
Variable cost 
i. Shrimp 23254 35341 32277 
ii. Rice 5216 15062 
iii. Salt 23026 
Total variable cost ~TVC2 28470 58367 32277 15062 
Fixed cost 
i. Shrimp 16465 33750 15502 
ii. Rice 
iii. Salt 
Total fixed cost (TFC) 16465 33750 15502 
B. Net return 
i. Shrimp 57056 45834 77226 
ii. Rice 5244 29698 
iii. Salt 109214 
c. Total net return 62300 155048 77226 29698 (TNR= TGI-TC) 
Source: Appendix Tables 1 to 4. Figures within parenthesis indicate percentage of total gross income. 
From alternate shrimp-rice farming it appeared that per hectare gross income and 
total cost of production were Tk. 107,235 and Tk. 44,935 respectively and that of net 
return was Tk. 62,300 only. The results indicated that return from rice farming 
constituted only 8% percent of total net returns. Thus returns from shrimp constituted 
overwhelmingly higher proportion (92%) of return under alternate shrimp-rice farming 
system. 
In alternate shrimp-salt farming total cost, gross income and net return per hectare 
were estimated to be Tk. 92,117, 247,165 and 155,048 respectively. This production 
system was more profitable compared to other types of farming. It is interesting to note 
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that the cost of salt production was very small compared to its economic return which 
made net return higher. 
In year round shrimp farming per hectare total cost, gross income and net return 
were Tk. 47,779, 125,005 and 77,226 respectively. Thus year round shrimp farming was 
more profitable compared to shrimp-rice farming. During the production period farmers 
harvested shrimp several times followed by stocking. Accordingly, shrimp farmers had 
flow of income from shrimp production over 8-9 months in a year. This system of 
farming was practiced in Shamnagar of Satkhira district. Usually higher production 
obtained in the month of November-February when there was high salinity but in the 
rainy season per unit production declined due to low salinity. 
In the study area, some farmers cultivated rice where shrimp could be produced. As 
stated earlier, farmers produced rice two times in one year. But due to the effect of 
topography and coastal agroecosystem, per hectare production was relatively low 
compared to other areas of Bangladesh. Moreover, per hectare gross income, total cost 
and net return were Tk. 44760, 15062 and 29698 respectively. However, it is estimated 
that economic return of shrimp farming was 2 - 5 times higher than that of year round 
rice farming in shrimp farming areas. 
Conclusions 
It is evident from regression coefficients that there is a scope of increasing the level 
of inputs use in different systems of farming practiced in coastal areas of Bangladesh. 
Irrespective of type of farming, the most effective factors influencing economic returns 
were observed to be farm size and using of fingerlings, urea, feed, paddy seed, and 
manure. Hence, the farmers have scope to earn more profits by reallocating the resources 
in different systems of farming. The tabular analysis showed that under the present 
farming system, the shrimp-salt farming earned highest profit followed by alternate 
shrimp-rice farming, year round shrimp farming and year round rice farming. It might 
be concluded that shrimp does not significantly influence the short term rice 
production. However, for shrimp farming, management system should be improved to 
increase farm production and income up to desired level. 
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Table 1. Annual profitability of alternate shrimp-rice farming (Paikgacha, Khulna) 
Items 
Gross Income 
(a) Shrimp 
A - grade shrimp 
B - grade shrimp 
C - grade shrimp 
Sub-total 
Fin fish 
Gross return from shrimp and fish 
(b) Rice 
Rice (by-product) 
Sub-total 
Total gross income (TGI) 
Total cost (TC=VC+FC) 
Net income 
(a) Shrimp 
(b) Rice 
Total net income (TNI=TGI-TC) 
Yield 
(kg/ha) 
77 
90 
40 
207 
150 
1280 
Price, 
Tk/kg 
475 
425 
380 
45 
7.00 
Gross 
income 
(Tk/ha) 
36575 
38250 
15200 
90025 
6750 
96775 
8960 
1500 
10460 
107235 
44935 
57056 
5244 
62300 
Appendix 
%of 
gross 
income 
34.10 
35.67 
14.18 
83.95 
6.29 
90.25 
8.35 
1.40 
9.75 
100.00 
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Table 2. Annual profitability of alternate shrimp-salt farming (Teknaf, Cox's Bazar) 
Items 
Gross Income 
(a) Shrimp 
A - grade shrimp 
B - grade shrimp 
C- grade shrimp 
Sub-total 
Fin fish 
Gross return from shrimp and fish 
(b) Salt 
Total gross income (TGI) 
Total cost (TC=VC+FC) 
Net income 
(a) Shrimp 
~b) Salt 
Tmal net income (TNI=TGI-TC) 
Yield 
(kg/ha) 
90 
110 
45 
245 
185 
66120 
Price, 
Tk/kg 
475 
425 
380 
45 
2 
Gross 
income 
(Tk/ha) 
42750 
46750 
17100 
106600 
8325 
114925 
132240 
247165 
92117 
45834 
109214 
155048 
Table 3. Annual profitability of year round shrimp farming (Shamnagar, Satkhira) 
Items Yield (kg/ha) Price, Gross income Tk/kg (Tk/ha) 
Gross Income 
(a) Shrimp 
A - grade shrimp 175 450 78750 
B - grade shrimp 65 430 27950 
C - grade shrimp 35 380 13300 
Sub-total 275 120000 
Fin fish 91 55 5005 
Total gross income from shrimp and 125005 
fin fish (TGI) 
Total cost (TC) 47779 
Total net income (TNI=TGI-TC) 77226 
%of 
gross 
income 
17.30 
18.91 
6.92 
43.13 
3.37 
46.50 
53.50 
100.00 
%of gross 
income 
63.00 
22.36 
10.64 
96.00 
4.00 
100.00 
Table 4. Annual profitability of rice farming in shrimp producing areas (Paikgacha, Khulna) 
Items Yield Price Gross income %of gross (kg/ha) (Tk/kg) (Tk/ha) income 
Gross Income 
Return from T. Aman 4120 7 28840 64.43 
Return from Boro 2060 7 14420 32.21 
Return from by-product 1500 3.36 
Total gross income from rice(TGI) 44760 100.00 
Total cost(TC) 15062 
Total net income (TNI=TGI-TC) 29698 
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